The genome sequence of a Sphingobium strain capable of tolerating high concentrations of Ni ions, and exhibiting natural kanamycin resistance, is presented. The presence of a transposon derived kanamycin resistance gene and several genes for efflux-mediated metal resistance may explain the observed characteristics of the new Sphingobium isolate.
Abstract
The genome sequence of a Sphingobium strain capable of tolerating high concentrations of Ni ions, and exhibiting natural kanamycin resistance, is presented. The presence of a transposon derived kanamycin resistance gene and several genes for efflux-mediated metal resistance may explain the observed characteristics of the new Sphingobium isolate.
The genus Sphingobium consists of Gram-negative, strictly aerobic, chemo-heterotrophic, rod-shaped, yellowpigmented bacteria, with membranes rich of glycosphingolipids (Yabuuchi et al., 1990) . It is one of four closely related genera (Sphingomonas sensu stricto, Sphingobium, Novosphingobium, and Sphingopyxis) into which the previous more comprehensive genus Sphingomonas was subdivided on the basis of 16S rRNA gene sequences and biochemical features, such as fatty acid and polyamine composition, nitrate reduction, etc. (Takeuchi et al., 2001) .
In our laboratory, a spontaneous cell growth in the form of yellow round colonies was observed on Sistromagar plate containing 50 lg mL À1 kanamycin and 7 mM NiCl 2 incubated at 30°C for 5-6 days. Analysis of 16S rRNA gene sequences from single colonies allowed assignment of the isolate to the genus Sphingobium with the highest sequence identity (99%) observed with the 16S DNA gene of S. xenophagum.
The capacity of the novel Sphingobium isolate to tolerate high concentrations of Ni ions was further confirmed by growth in either Sistrom or LB liquid cultures supplemented with kanamycin and increasing concentrations of NiCl 2 , at 30°C for 48 h. The strain (termed ba1) is able to grow up 20 mM salt concentration (higher concentrations were not tested due to precipitation of insoluble greenish nickel compounds).
While several species of Sphingobium are known for their capacity to degrade xenobiotic compounds, particularly poly-aromatic hydrocarbons (Li et al., 2013) , information about their growth in the presence of high concentrations of metal ions is scarce. Only S. cupriresistens, a species isolated from copper mine soil, has been reported to tolerate high concentrations of a metal ion (0.9 mM Cu 2+ ) (Li et al., 2013) . A member of the closely related genus Novosphingobium was also reported to tolerate 2.5 mM NiCl 2 (D'Argenio et al., 2014).
DNA extracted from a single colony of Sphingobium ba1 was subjected to whole genome shotgun sequencing using the Nextera XT library preparation workflow (Illumina, San Diego, CA) and 2 9 250-nucleotide paired-end reads were generated on Illumina MiSeq instrument. The reads were quality trimmed using the sliding window mode of the TRIMMOMATIC (Bolger et al., 2014) program, with a cutoff value of 20. De novo genome assembly was performed using VELVET 1.2.10 (Zerbino & Birney, 2008) with a comprehensive grid search used for parameter optimization. The draft genome sequence is 4.46 Mb in length (c. 509 coverage, 62.9% G + C) and consists of 493 contigs. Scaffolding produced 87 supercontigs, of which the largest three (3.21 Mb, 600 Kb and 317 Kb) represented 93% of the total assembly length. Genome annotation was performed by merging predictions from XBASE (Chaudhuri & Pallen, 2006) using S. japonicum (Nagata et al., 2010) as reference species and by the Rapid Annotation Subsystem Technology (RAST) server (Aziz et al., 2008) . 4657 protein coding genes, 48 transfer RNA genes, and 6 or 7 copies of the ribosomal RNA operon were identified.
Kanamycin resistance is not typical of the genus Sphingobium (Vaz-Moreira et al., 2011) . A predicted aph (3 0 )I homolog encoding an aminoglycoside 3 0 -phosphotransferase (GenBank accession number CAA23656) and an associated downstream region of about 1100 bp (GenBank accession number JPPQ01000086.1, locus tag IL54_4593) are identical to a two-thousand bp sequence of the Tn903 transposon (Oka et al., 1981) . This locus may explain the presence and origin of kanamycin resistance in Sphingobium sp. strain ba1.
Several homologs of CzcCBA resistance-nodulation division (RND) transporters, implicated in the efflux of metal ions (Nies, 2003) , were detected. However, these genes are quite common in bacteria, and their effective role in conferring Ni-resistance has to be confirmed.
Nucleotide sequence accession number. This Whole Genome Shotgun project has been deposited at DDBJ/ EMBL/GenBank under the accession JPPQ00000000. The version described in this study is version JPPQ01000000. Raw data are available from the Sequence Read Archive (SRA) under the accession number SRX708527.
